Introduction
Social and ecological systems are interlinked and their separation is arbitrary when analyzing sustainable use of natural resources (Berkes and Folke 1998) . The linkages between management and ecological processes have often been approached qualitatively, but very few, if any, studies actually quantify effects of ecosystem management on the generation of ecosystem services, which we do in this article. While the relationship between social features and ecosystem services could be studied in any social-ecological system, we have chosen urban green areas because cities have qualities that make them especially interesting, e.g., the human dominance and profound importance of human activities (e.g., Collins et al. 2000 . The aim of this article was to determine whether superficially similar urban green areas can be treated as uniform or if management matters. Further, the links between institutions, local ecological knowledge, and management practices and their connection to the delivery of three ecosystem services is analyzed.
About half of Earth's human population today lives in cities, and the proportion is increasing (United Nations 2005
). This generates a tremendous pressure to develop urban green areas for alternative land-uses. However, there are strong arguments for their preservation: Urban green areas generate many ecosystem services that contribute to human well-being (Daily 1997 , Chiesura 2004 ) and provide habitat for many organisms (see, e.g., Saure 1996 , Tommasi et al. 2004 ). These services could also potentially help mitigate the growing disconnection of urban residents from nature (Pyle 1978 (Pyle , 1993 . Cities today influence the use of natural resources globally (Folke et al. 1997 , Alberti et al. 2003 , and to gain the much needed, broad-based public support for a sustainable use of ecosystems, inside and outside cities, the places where people live and work need to offer opportunities for meaningful interactions with functioning ecosystems (Miller 2005) .
We focused on three types of green areas in the urban landscape of Stockholm, Sweden: cemeteries, city parks, and allotment gardens. These three types of green areas were chosen as they are well-defined green, open spaces of comparable age and size while clearly different in their organization. City parks are included in urban green plans, while the other two are not. Cemeteries are usually owned by the Church of Sweden, and most city Berkes et al. 2000) . LEK is used here as knowledge held by an individual or a specific group of people about their local ecosystem, and the concept of institutions is used as the accepted rules and norms adopted by individuals and used within and across organizational settings (Ostrom 2003) . It has been suggested that LEK generally is low among urban residents, but can be promoted by factors such as active land management and participation in outdoor recreation (cf. Theodori et al. 1998, McDaniel and Alley 2005) . Sense of place is defined as an intimate emotional attachment to a place, created through firsthand interaction between humans and places (Kaltenborn 1998, Cantrill and Senacha 2001) . Sense of place has been suggested to be a reliable predictor of how people will react to environmental impacts, as those with strong attachment to a place seem more committed to learn about and actively respond to negative change, which, in turn, enhances the emotional bond of these stewards to that place (Kaltenborn 1998, Oreszcyn and Lane 2000, Rogan et al. 2005 ). Thus, we hypothesized that the differences in organization and the degree of freedom in decision-making between the green areas would lead to differences in the managers' sense of place and willingness to increase their local ecological knowledge and respond to environmental feedback. If this is true, the corollary is that management practices should differ as well.
The ecosystem services were assessed indirectly through surveys of functional groups. The three groups were pollinators (bumble bees), seed dispersers (birds), and insectivores (birds) (see Appendix A). They contribute, respectively, to the ecosystem services of pollination (Corbet et al. 1991 The study used allotment gardens, cemeteries, and city parks within Stockholm County, Sweden. This is the most densely populated area in Sweden, with >2870 inhabitants/km2 (SCB 2005), and a total population of 1.8 million people. Regional plans for green areas focus on 10 green wedges and transverse green corridors that are meant to constitute Stockholm's most important green areas. Parks are included in green planning and make up more than 1/10 of Stockholm Municipality's total (SCB 2005). There are also many other green areas, among them 10000 allotment gardens occupying 210 ha of land and involving about 24000 people (Bjorkman 2000 , Moberg 2003 , Nolin 2003 ). Many of them are located outside the wedges and corridors and thus not included in green planning. Allotment gardens in Stockholm are well-managed flower-rich areas differing in size (3450-70000 m2) and spatial organization, from proper cultivation plots to more gardenlike plots with small houses and lawns. Cemeteries are another overlooked category of green areas, and cover -250 ha. We chose four sites from each of the three categories as study sites (Table 1) . The areas were chosen according to two criteria: age (older than 50 years) and size (approximately within 1-10 ha). Percentage of impervious surface (IS) within a 300-m radius from the study sites was measured as an indication of landscape context.
Methods

Pilot study
The study started with a pilot study (cf. Bumble bee surveys. -Daylight surveys of bumble bees were conducted in May, June, and July during good weather. At each site, between 9 and 14 evenly distributed, 3 X 3 m quadrats placed to contain species in flower were established. All bumble bees entering the quadrat during a 5-minute survey period (10 minutes in July) were identified to species according to L0ken (1973) , and the plant species visited recorded. Bumble bees were surveyed while foraging and the green areas' suitability as nesting sites was not assessed.
Ecological data analysis. -Since the number of samples and the number of bumble bee individuals observed differed among sites, an individual-based rarefaction was done with EcoSim 7.71 (Gotelli and Entsminger 2006). Individual-based rarefaction uses probability theory and the information provided by the collected species to estimate the mean species richness (Magurran 2004) . Data from all sites were rarefied to 26 individuals, and the resulting estimate of species richness was used in the diversity analysis. Data on pollinator abundance was log-transformed before the analysis. Differences and/or similarities in community structure between the three types of green areas were described using non-metrical multidimensional scaling ordination (MDS; Clarke 1993). Differences were tested statistically using one-way analysis of similarities (ANOSIM) randomization test (Clarke 1988 Semi-structured interviews. -Twenty-six semi-structured interviews were carried out. Fifteen were conducted with key allotment holders, as identified by the questionnaire, five with head managers of cemeteries, and four with managers of city parks. In addition, the head city gardener of Stockholm was interviewed for further information about her relationship with the interviewed park managers. The purpose of the interviews was to understand interviewee's (1) local ecological knowledge; (2) to identify key management practices and social institutions that have important implications for ecosystem dynamics, even if the linkages between these social features and ecosystem dynamics possibly was unknown to the respondents; and (3) to assess the emotional bond of the respondents to the area. Written questions (see Appendix C) were used as a guideline.
These questions were open-ended (Kvale 1997), with the possibility to follow up clues that were revealed.
All interviews were recorded and transcribed; the length of the interviews varied between 60 and 90 minutes. The transcribed interviews were analyzed by classifying respondents' answers in relation to the topics of local ecological knowledge, of institutions, of practices, and of sense of place. Evaluation of local ecological knowledge was made by analyses of the respondents' answers to questions regarding site-specific abiotic conditions, interplay between organisms and these conditions, and interactions between organisms on multiple scales. The answers were compared to the scientific understanding of ecosystem dynamics in cultural landscapes. The sense of place held by the respondents colored the answers and when emotions in relation to the area were revealed, they were followed up with additional questions.
Results: Inventories of Functional Groups, Management Practices, and the Social Mechanisms Behind Them
Allotment gardens had a much higher abundance of bumble bees than the two other types of green areas, and differences in community structure were found for seed dispersers and insectivores, which might be important if the functional groups were broken up in more detail. Diversity indices showed no differences between the different types of green areas. Management practices in allotment gardens clearly benefit bumble bees, and the difference between the areas seem to increase the total number of species, at least for insectivores. We identified 10 management practices of potential importance used among managers (see Table 3 ). Social mechanisms that structure management practices differ considerably between the three classes, evidenced by different types of protective norms, strength of emotional ties, and level of local ecological knowledge (see Table 4 ).
Inventories of functional groups
Bird communities and species assemblages. -No significant differences were found in species composition (species present; global R = 0.15, P = 0.124) or community structure (relative abundance of the different species; global R = 0.148, P = 0.097) between the three different types of green areas during winter. The community structure did, however, change with the type of green area during the breeding season ( Table 2 ). The insectivore community structure differed between the three categories of green areas (global R = 0.523, P = 0.003). However, only allotment gardens and city parks differed significantly in the pairwise test (pairwise R = 0.813, P = 0.029). The species composition revealed another pattern: Only allotment gardens and cemeteries differed significantly (pairwise R = 0.344, P = 0.029). Based on the number of individuals of different species, the composition of seed dispersers differed between the three categories of green areas (global R = 0.332, P = 0.012). Again, only allotment gardens and city parks differed significantly in the pairwise test (pairwise R = 0.62, P = 0.029). The species composition itself showed no significant differences in the pairwise test (pairwise R = 0.182-0.38, P = 0.057-0.143). No statistically significant differences were found between sites for the species richness within either functional group.
Bumble bee communities and species assemblages. -In total, 755 bumble bee individuals from 14 different species were observed (Appendix A). Total number of species observed was higher in allotment gardens than in parks or cemeteries, but not significantly so. However, four species (Bombus sylvarum, B. subterraneus, B. ruderarius, and B. norvegicus) were only observed in allotment gardens. When the variation in number of bumble bee individuals observed was taken into account, we found no difference in species diversity between cemeteries, city parks, and allotment gardens (Kruskal-Wallis H = 0.50, P = 0.779) and there was no difference between bumble bee communities (global R = 0.088, P = 0.229) ( Table 2 ). However, bumble bee abundance differed significantly between the three types of green areas (Fig. 1) . Among the parameters measured, percent coverage of flowering plants was the one explaining most of the variation in bumble bee abundance (n = 12, r = 0.88; Fig. 2 ). These results were most influenced by the three most common species, Bombus lapidarius, B. terrestris, and B. pascuorum. When those three species were analyzed separately, they showed the same pattern as the total species assemblage. The other species observed were too uncommon to include in any meaningful single-species analysis.
Management practices
In order to compare areas and evaluate the management, we divided the effects of the practices into two types: protection and habitat improvement. Protection was further subdivided into total protection or protection of vulnerable life stages, and habitat improvement into food supply, structural complexity, soil quality, maintained or increased plant diversity, and well-being (Table 3) allotments and cemeteries, care was also taken to protect small birds during vulnerable life stages, e.g., by preserving bird nests when trimming hedges (see Table 3 ). Winter-feeding was performed by 28% of the allotment holders (Survey 2004 and 2005 ) and, to some extent, in the cemeteries. The main targets were small birds, such as Blue Tit (Parus caerulescens) and Great Tit {Parus major), but this practice also favors other birds such as the Eurasian Nuthatch (Sitta europaea). One practice that seemed to be exclusively performed in allotment gardens was tilling of the soil, i.e., turning horse manure and dead plants into the soil, during early fall. Management practices that protect small birds or enhance their habitat seemed largely absent in city parks. The interviews with the park managers (Respondents 16-19) did reveal, however, that some practices such as winter feeding and, in one case, even putting up . nesting boxes, were performed by visitors in some parks.
Management practices linked to pollination. -Managers, especially in allotment gardens, employed several practices that may affect living conditions for pollinating insects. The allotment gardeners' desire to have colorful flowers did increase the flower richness and the length of the flowering period, and many allotment gardeners (45%) intentionally plant flowers with the sole intent to attract pollinators. Salix spp., an important food source for early-flying bumble bee species, was also allowed to grow in the areas. Other practices linked to crucial life stages of bumble bees included provision and active protection of nests (Respondents 11 and 15) . Practices linked to pollinating insects were found to be rare in cemeteries and city parks. Cemeteries had a higher total number of flowering plant species than parks, but there was no difference in mean coverage of flowering plant species (P = 0.31). The interviews further revealed that managers in cemeteries increase flower richness for prolonged periods compared to city parks in general, but they did not actively choose plants that attract pollinators (Respondents 21-26) . Some of the interviewed park managers did, on the other hand, plant flowerbeds with the sole aim of attracting butterflies (Respondents 16-19), even if these were very limited in size relative to the whole park.
Sense of place, local ecological knowledge, and institutions. -Allotment gardens can be seen as common pool resource systems (sensu Ostrom 1990), except for one important aspect: Allotment gardeners are not economically dependent on their garden plots. Instead, the most important driver for action seemed to be the sense of place, and all interviews reflected a strong emotional bond to their plots and the surrounding garden area (Respondents 1-15) . The park managers were perhaps better described as planners; they interpreted the green plans and employed private enterprises to do the actual management. Compared to allotment gardens and cemeteries, where institutions were quite homogeneous, institutions structuring management of city parks in Stockholm showed large individual differences. These were partly ascribed to the different histories of the parks (Respondents 16-19) . 
Notes: The values in parentheses indicate the percentage of respondents who perform the different management practices; a question mark indicates that the management practice was not included in the questionnaire, but was identified during interviews or from field observations. The sample sizes (n) reported in the column headings represent the numbers of respondents. For sources see Appendix B.
f Not included in questionnaire, but identified during interviews or field observations. experience or that of fellow gardeners. Science-based knowledge was also present, as some use books and web pages of botanical gardens to gather knowledge (Respondents 1-15 and Survey A-D). The respondents had extensive knowledge of site-specific ecological processes (Table 4) . Institutions and organizational aspects that constrain garden management in allotment gardens were the same for different areas, regardless of where in the city they are located. In Stockholm, local allotment associations often rent the land from the landowners for 25-year periods and are thus considered to be proprietors (cf. Ostrom and Schlager 1996). The associations have the right to exclude outsiders from their garden plots, but not to sell the land. They themselves decide on how to organize the management of the allotment gardens, and often it is the allotment associations themselves that enforce their own institutions (Respondents 1-15) . The institutions were experienced as intolerant by some gardeners, and all respondents shared experiences of plot holders being excluded from the associations.
About the gardening rules, it is the board of this association that sets them. Once a year the board surveys all garden plots and if rules have been broken, the garden holder may ultimately be thrown out.
-Respondent 7
Plants could be chosen freely, with the exception of a few plants that were prohibited by the associations. However, there were norms that urge garden holders to grow vegetables, fruits, berries, and traditional flowers (e.g., Respondents 6, 9, 12, and 13). These norms were evident since 91% of the gardeners felt that their neighbors wanted them to act in accordance with the norms. (Survey A-D, Appendix B) . Other examples include distinct norms about environmental ethics and protection of pollinator species and small birds (Respondents 1-15). It was also common in allotment gardens to permit growers to keep beehives. 2. Cemetery managers' knowledge, institutions, and sense of place. -Ecological knowledge held by cemetery managers differed somewhat between the studied cemeteries. In general, ecological knowledge was partly based on local experience, but managers held knowledge that was different from the knowledge held by allotment gardeners: It was less comprehensive, as it was oriented more toward small birds and their function as predators of pests and less toward the role of pollinators and seed dispersers. Yet, they seemed to be aware that their cemeteries were relatively rich in flowers, and what that meant for pollinating insects. Cemetery managers expressed no clear sense of place during interviews (Respondent 21-25). Managers were constrained in their daily practices both by written regulations and a multitude of unwritten norms. Management practices were constrained by the funeral law, where the overall goal is successful interments, except for the more parklike sections of cemeteries where management was mainly structured by unwritten norms that seemed to have developed over long time periods (Respondents 21-25). All interviewed cemetery managers expressed the presence of unwritten norms for how to manage these areas. Here is one example of how this was verbalized:
The funeral law is the regulation that we must follow; however, how to manage the green space in between the graves, we pretty much decide ourselves There are many unwritten rules that come from the long tradition of funerals.
-Respondent 24
Some cemeteries outside the inner city allowed beehives. Yet, the most obvious social mechanism linked to the studied functional groups was that strict norms of protecting small birds were present in three-quarters of the cemeteries (Respondents 22, 24, and 25).
We leave bird nests intact when we trim the hedges; we'd rather have irregular hedges than hurt the birds, and this is an unwritten rule here. . . . our work is determined by a "bible" that we call the agreement. There everything is written down about what actions are to be taken and when.
-Respondent 16
In some parks, cultural values were the prime concern for their managers, not the biological (Respondents 16-20).
Discussion
Main findings and evaluation
Green areas such as allotment gardens and cemeteries are often overlooked in green plans developed by the City of Stockholm. However, as this study has shown, they generate important ecosystem services. We have demonstrated a method for examining the linkages between ecosystem services and management practices, institutions, knowledge, and sense of place. Differences in management practices had two consequences that may affect the provision of the different services: differences in the pollinator abundance (see Plate 1) and community structure of seed dispersers and insectivores, both of which set allotment gardens apart from the others.
Interplay between birds and management practices. -The two functional groups of birds differed in the relative abundance of different species between the three categories of green areas. Allotment gardens and parks seemed to share much the same seed dispersers but the relative abundance of the different species varied greatly. Most of the difference was made up by the abundance of a few species that were particularly favored in one type of green area, e.g., Turdus pilaris, which thrives in the lawn-dominated parks. We found no significant differences in species representation between the green areas. The pattern for insectivores was somewhat different as both species composition and relative abundance differed between the three types of green areas.
Cemeteries had somewhat different species than parks and allotments, but, as they did not differ from either parks or allotment gardens in community structure, the difference must be created by some of the less-abundant species. Instead, it was parks and allotment gardens that had significantly different relative abundance of different species. The result implies, however, that having different types of green areas increases the total number of insectivore bird species.
The results indicate that local managers, however well informed, have a limited influence over the functional groups of seed dispersers and insect pest regulators within their ambit. Moreover, the knowledge of ecosystem processes working on larger spatial scales seemed very limited (Respondents 1 and 10 , it might be argued that landscape factors are more important in shaping local species communities for these functional groups. Some of the management practices we had identified as potentially important, e.g., winter-feeding, did not show any effects in our results. As can be seen in Table 3 , allotment gardens had the widest range of management practices that offer protection and improved habitat, which supports the hypothesized connection between sense of place and management. Many of these practices were also present in cemeteries, at least to some extent, but for other reasons: Here, institutions seemed to be the main social mechanism behind human interactions with birds. What was lacking in all study sites except one of the parks was management practices and knowledge that increased structural diversity, i.e., favoring many layers of vegetation, which is very important for many birds (e.g., MacArthur and MacArthur 1961). The small scale of the studied areas suggests also that their management is most likely to affect small species such as warblers or tits (see, e.g., Hostetler 1999).
Interestingly, the norms protecting small birds in cemeteries and allotments might be linked to ecological processes, or disturbances, that act on longer time scales than those perceived by most gardeners, which are a couple of decades at the most (Respondents 1-15 and 21-25). These norms have some ecological consequences for system functioning during times of stability, as we have shown, but it may be during times of crises, such as pest outbreaks, that they are most ecologically important (Colding and Folke 2001). Thus, it seems that the local managers and their actions have two important functions: First, they influence ecosystem functions during periods of stability, and second, they might be crucial during periods of instability and change.
Interplay between bumble bees and management practices. -Species diversity and species assemblages of bumble bees were rather similar for the three types of green areas despite differences in management practices. Bumble bee abundance differed significantly between the three types of green areas, and most of the variation was explained by the variable percent coverage of flowering plants, and to some extent, the number of bumble bee-visited plant species. Other management practices that appeared to be beneficial for pollinators were enhancing pollinator habitats, prolonged flowering season, and active choice of plant species attractive to pollinators; all mainly performed in allotment gardens (see Table 3 Methodological evaluation. -The analysis might be weakened by the difficulty of finding replicates within a sufficiently similar landscape context. The surroundings of our study sites differ in the amount of green space vs. impervious surfaces, which makes the elimination of external factors difficult (see Table 1 ). We limited our study to address within-site conditions and would argue that the three types of green areas are reasonably distinct in terms of content and management. We did, however, discover that the management practices differed considerably within parks and to some degree within cemeteries. Two sites, one cemetery and one park, clearly differed from the others. The cemetery had more in common with the parks and the park had been without active management for the last decades, which had allowed the shrub layer to develop to an extent unequalled by any of the other areas. Our design with four replicates of each category was insufficient to deal with these differences in some of the statistical analyses. Also, a more detailed classification of functional groups might have been better able to capture the effects of different management practices (see, e.g., Rosenfeld 2002).
In the qualitative part of the study, the differences in sense of place, LEK, and, to some degree, even institutions rest on the subjective experiences and perceptions of the respondents, and we realize that our results by no means are exhaustive. One weakness with the interview study was that respondents were chosen differently in allotment gardens, on the one hand, and cemeteries and city parks, on the other. In allotment gardens, we searched for persons knowledgeable about the local social-ecological system, and we identified them in a questionnaire. In city parks and cemeteries, we only interviewed the head managers of the areas, since they make decisions about the management of their respective areas. However, the organizational position of head managers does not always correlate with knowledge about the local social-ecological system. Differences in organization, i.e., one or several managers, also resulted in more material on allotment gardens than cemeteries or parks. We do not see this as a problem; rather, as fact and part of the explanation to why we might see differences in management practices between the three types of green areas.
Policy implications for managing ecosystem services in complex systems
We argue that studies like this are important to inform managers of the indirect effect of management practices primarily aimed at targets other than maintenance of ecosystem services. Awareness of positive side effects may strengthen the institutional foundation for the practices, strengthen the sense of place, and even further increase the probability that the practices will continue over time (Cantrill and Senacha 2001) . This is especially important in areas where people are not strongly dependent on local natural resources, since resource dependency has been proposed as one of the strongest drivers behind successful long-term management (see, e.g., Berkes et al. 2003) . A close link between practice and planning, here most evident in allotment gardens where the managers do both, has been argued to make adjustments to environmental feedback easier since the managers may detect ecological change more rapidly and have the mandate to adapt management practices accordingly (Berkes 2004) . As an example of the opposite case, the management of city parks seem to be less flexible, where bureaucratic procedures must be undertaken before the direction of management can be changed. Allotment gardens, with their numerous managers, offer more opportunities for experimentation and transmission of information, and thus greater potential for more comprehensive knowledge-building than do areas cared for by a sole manager. Many managers make it easier to maintain continuity in the knowledge within the area than if the knowledge is tied to one specific manager and risk being lost if that person leaves. However, our results also indicate that sense of place is restricted to the allotment gardens and the immediate area around them, which implies that they hold a "not in my backyard" mentality (Norton and Hannon 1997).
In our study, only a few interviewees referred to the relationship between different scales (Respondents 1 and 10), but practices performed locally have landscape effects, as bumble bees and birds move outside and between areas, thus extending their services (e.g. (Pretty 1995) . We argue that the involvement of other stakeholders in the management of cemeteries and especially city parks would promote the same positive features that we found in allotment gardens, i.e., a strong sense of place, ecological knowledge, and continuous learning. Not only would this improve management by getting more motivated managers, it would also increase the different stakeholders' understanding of the ecosystems that provide them with desired services.
Different management objectives create heterogeneity, which is generally held to provide an insurance against uncertainty (e.g., Folke et al. 1996 , Loreau et al. 2003 . Our data lends at least partial support for the importance of heterogeneity as the species assemblages of insectivores differed between cemeteries and allotment gardens and thus complement each other. Differences in species assemblages may also make the service more stable over time as different species are likely to respond differently to disturbances or changes (Elmqvist et al. 2003 ).
Conclusions
The findings in this paper show that relevant knowledge and ecosystem management exist both inside and outside the formal planning, and that different goals, constraints, and motivations create social-ecological systems that differ in their capacity to deliver ecosystem services. We ascribe the differences in management practices to social attributes such as local ecological knowledge, sense of place, and institutions. Data also support the hypothesis that local ecological knowledge correlates positively with sense of place, and our results also show the same pattern for strength and diversity of protective norms and sense of place. All three features are strongest among the informal managers and weakest among employed personnel. Formal managers have less freedom in their decisions, and a larger part of the management objectives are set centrally and change is slow moving. Furthermore, allotment gardens are different from the others in that they have many different managers within each area, something that increases the potential for experimentation and learning.
We believe that communicating the results from studies such as this could help this cooperation by highlighting, for planners and local managers both, the direct and indirect effects of different green-area management. Maintaining different types of green areas contribute to the creation of heterogeneity on a landscape level, which is generally held to increase biodiversity. A move toward participative co-management in cemeteries and, especially, city parks would hopefully promote the same positive features that we found in allotment gardens, i.e., a strong sense of place, ecological knowledge, and continuous learning.
